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Introduction

Neurofibromatosis Type 1 (NF-1) is the most common autosomal dominant genetic disorder,
affecting the skin, central (CNS) and peripheral nervous systems. Children with NF-1 have an increased
risk of developing significant learning disability (LD), cognitive impairment, and optic or brain stem
gliomas. Cerebral T,-weighted magnetic resonance imaging (MRI) in NF-1 reveals regions of high
signal intensit); (often called “unidentified bright objects”, or UBOs) in the basal ganglia, brain stem and
cerebellum. The pathophysiology of UBOs is poorly understood, and it is controversial to what extent
they are involved in cognitive impairment. Proton magnetic resonance spectroscopic imaging (MRSI) is
a relatively new non-invasive metabolic imaging technique that can provide information about the
cellular composition and metabolism of brain tissue. Our pilot data of proton MRSI in NF-1 indicate
highly significant perturbations in thalamic metabolism in NF-1, regardless of presence or absence of
UBOs. UBOs themselves were metabolically more similar to normal brain tissue. These data indicate
dissociation between imaging and metabolic findings, and may indicate more widespread cerebral
involvement in NF-1 than that indicated by MRI.

In this proposal, we are extending these preliminary findings to investigate the hypotheses that: (1)
thalamic metabolism is abnormal in NF-1 and evolves with age, (2) proton MRSI measures of thalamic
metabolism will correlate with neuropsychological performance, and (3) metabolic abnormalities in NF-
1 are more diffuse and widespread than abnormalities visualized by MRI. The study design to test these
hypotheses involves the performance of proton MRSI, MRI and neuropsychological testing in 60
subjects with NF-1 and 60 age-matched control subjects. To test hypothesis (1), thalamic metabolite
levels will be compared between NF-1 subjects and controls in 3 different age ranges, and regression
analysis performed with respect to age. To test hypothesis (2) thalamic metabolite levels in NF-1
patients will be correlated with results of a battery of neuropsychological tests. To test hypothesis (3),
multiple regions of interest in the basal ganglia and cerebellum will be evaluated both by MRI and
MRSI, and compared between NF-1 and control subjects.

In addition to improving the understanding of the pathophysiology of NF-1 brain lesions, this
proposal will establish the relationship between regional cerebral metabolism and cognitive impairment
in NF-1. If successful, MRSI may serve as a screening tool for young children with NF-1; the
observation of normal MRSI may be reassuring prognostic information for normal subsequent

development, while children with abnormal MRSI may be identified for early intervention for possible

learning or developmental problems.




Body

As described in last years progress report, the initial work in year 1 of the project was on
establishing the protocol for quantitative brain MRI and MRSI in children with NF1 and controls, and in
year 2 data collection was initiated. A stated above, the research protocol consists of brain MRI and
MRSI, as well as detailed neuropsychological testing (Boston Naming test, judgment of line orientation,
1Q). Progress has been limited this year by protracted problems with the institutional IRB committee
regarding privacy issues related to the HIPAA regulations. These problems were finally resolved by
May 2004. However, delay to the project in terms of
patient recruitment required that we sought (and received)
approval for a one-year no cost extension to complete the
study. So far, 27 patients and 18 control subjects have
been studied. Examples of MRI and MRSI data from one
case are illustrated in the figures.

The patient is a 9 year old female with NF1. T,-MRI
(right) exhibits a UBO in the left globus pallidus and more
subtle abnormal signal intensity and bilaterally in the
pulvinar (posterior thalamus), and moderate enlargement
of the posterior horns of the lateral ventricles. Proton

MRSI was collected in three slices as described in the

proposal, with the central slice at the level of the thalamus.
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Spectroscopic images and representative spectra from different brain regions are presented below:
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Compared to control subjects, the MRSI exhibits reduced ratios of NAA/Cho (consistent with those seen
in our prior work) in white matter, the thalamus, and cerebellar vermis and hemispheres. Work is on
going to correlate these spectroscopic changes with neuropsychological test scores. The example
represented here shows the high quality MRSI of the posterior fossa possible on children recorded on the

1.5T MR system at the Kennedy Krieger Institute/Johns Hopkins Department of Radiology.




Key Research Accomplishments

Established MRSI and neuropsychological test methodology
* Collected data so far in 27 NF1 and 18 control subjects

The demonstration of abnormal, age-dependent thalamic metabolism in children with NF-1



Reportable Outcomes

Since we are in the data collection phase of the project, there have been no publications this year

regarding results in NF1.




Conclusions

The collection of data for the evaluation of the relationship between neurometabolism, in particular
thalamic NAA and choline levels (and the ratio of NAA/Cho), and LD in NF-1 as described in the
proposal is continuing. This work is important for the clinical evaluation of patients with NF-1 in two
respects. Firstly, proton MRSI may allow for a quantitative biochemical determination of the degree of
brain involvement in children with NF-1, the observation of normal MRSI may be reassuring prognostic
information for normal subsequent development, while children with abnormal MRSI may be identified
for early intervention for possible learning or developmental problems. Secondly, the characterization of
UBO metabolism is important for the diagnostic reasons; since patients with NF-1 are at increased risk
for development of brain and optic gliomas, it can sometimes be difficult to distinguish these very
different pathologies using conventional magnetic resonance imaging. Early, non-invasive diagnosis of a
malignant glioma (and distinguishing it from a benign UBO) is extremely important in improving

therapeutic outcome in these patients.
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